We calculate the time delay between different relativistic images formed by black hole gravitational lensing in the strong field limit. For spherically symmetric black holes, it turns out that the time delay between the first two images is proportional to the minimum impact angle. Their ratio gives a very interesting and precise measure of the distance of the black hole. Moreover, using also the separation between the images and their luminosity ratio, it is possible to extract the mass of the black hole. The time delay for the black hole at the center of our Galaxy is just few minutes, but for supermassive black holes with M = 10 8 ÷ 10 9 M in the neighbourhood of the Local Group the time delay amounts to few days, thus being measurable with a good accuracy.
INTRODUCTION
Gravitational lensing is a useful tool to investigate a lot of aspects of the nature of the universe. It was the first prove of the validity of the theory of general relativity (GR) [1] , and today its effects on extragalactic scales (lensing of quasars, arcs in galaxy clusters, etc.) and on galactic scales (microlensing) are ordinarily observed and studied by the scientific community in the weak field approximation [2] .
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horizons of black holes without entering inside. The study of this extreme case is of remarkable interest: on one hand it represents an independent test of GR in strong gravitational fields; on the other hand, intrinsic features of the lens (rotation, electric charge, etc.) could become accessible to the observations, opening a new possibility to constrain black hole models.
In Schwarzschild framework, a light ray with small impact parameter can wind several times around a black hole without being definitively caught inside. In this way, a set of infinite relativistic images can be generated on each side of the black hole [3, 4] . Several approaches have been proposed to study gravitational lensing in the strong field limit [4-10], while Falcke, Melia & Agol, in a different perspective, studied the accretion flow as a source [11] . In Ref.
[12] analytical formulae for the position and the magnification of the images were obtained, defining a strong field limit for the deflection angle. These formulae were applied to a Reissner-Nordström black hole in Ref. [13] , and were also used to calculate relativistic effects on microlensing events [14] . A full generalization of the strong field limit for any spherically symmetric spacetime was drawn in Ref.
[15] and applied to several black hole metrics, allowing a non-degenerate discrimination among different collapsed objects. In work [16] , the method was used to examine the characteristics of a Gibbons-Maeda-Garfinkle-Horowitz-Strominger charged black hole of heterotic string theory. In work [17] the case of a Kerr black hole and the relevance of its spin in strong field lensing approximation was discussed for light rays travelling on quasi-equatorial trajectories. Waiting for an analytical treatment including non-equatorial trajectories, the general case is explored numerically in [18] .
When multiple images are formed, the light-travel-time along light paths corresponding to different images is generally not the same. So, if the source is characterized by luminosity variations, these variations would show up in the images with a relative temporal phase depending on the geometry of the lens [19] . These time delays are usually measured in gravitational lensing observations on cosmological scales. The striking importance of time delay lies in the fact that it is the only dimensional observable. Therefore its measurement is useful to determine at first the length scale for a gravitational lensing system and its mass. Measuring the time delays in cosmological contexts, it is possible to determine the cosmological distance scale and hence the Hubble parameter [19] [20] [21] . This fact has drawn a great attention by the scientific community towards this kind of measurements.
In the present paper, we estimate the time delay between images generated by strong field lensing of black holes. We show that time delays between relativistic images are indeed measurable in most supermassive black holes suitable for gravitational lensing studies. Moreover, it turns out that in a first approximation the time delay between consecutive relativistic images is proportional to the minimum impact angle. The ratio between these two observables is nothing but the
